Background. Rice, the staple food of the Philippines, is an appropriate vehicle for iron fortification to combat the high prevalence of iron-deficiency anemia. A previous study among schoolchildren supplemented with ironfortified rice showed a significant reduction in the rate of iron-deficiency anemia from 100% to 33%.
Introduction
Universal fortification of staple foods with iron has been widely promoted as a cost-effective strategy to reduce iron deficiency in developing countries [1] . The Food Fortification Law of the Philippines (Republic Act 8976) requires mandatory fortification of staple foods such as rice with iron based on set standards [2] . The National Food Authority (NFA), the lead grain agency of the Philippines, leads the implementation of the law and is importing iron-rice premix fortified with ferrous sulfate using coating technology from the United States. The iron-fortified rice is distributed to identified nutritionally at-risk areas through the Food for Schools Program. Another widely used fortificant is micronized dispersible ferric pyrophosphate (MDFP). Although ferric pyrophosphate has extremely poor absorption [3] , micronizing the fortificant to the particle size of 0.5 μm substantially increases its bioavailability to a level comparable to that of ferrous sulfate [4] . MDFP is used in cereals and pasta products because it produces less discoloration and has less metallic taste [4] .
The Food and Nutrition Research Institute, Department of Science and Technology (FNRI-DOST), has Imelda Angeles-Agdeppa, Marcela Saises, Mario Capanzana, Lekh R. Juneja, and Noboru Sakaguchi developed an iron-rice premix with MDFP as fortificant using extrusion technology [5, 6] . This could serve as another variant of iron-rice premix produced locally that could be mixed with ordinary rice to produce iron-fortified rice. A stability and storage study showed that the color, moisture content, iron content, and microbial content were stable over a 10-month period. The cooked iron-fortified rice was rated as "liked moderately to liked very much" [7] . Following this study, a randomized, placebo-controlled, doublymasked trial was conducted. The results showed that rice fortified with ferrous sulfate (ExFeSO 4 ) and rice fortified with MDFP were both efficacious in reducing the rate of anemia among schoolchildren (from 100% to 38% in the ExFeSO 4 group and from 100% to 33% in the MDFP group). However, the cooked rice fortified with MDFP was liked more by the children because of its whiter color [8] .
Because of the significant public health benefits of using iron-fortified rice to decrease the prevalence of iron-deficiency anemia, scaling up the consumption of iron-fortified rice to a larger population is an ideal strategy to control and prevent micronutrient deficiencies such as iron-deficiency anemia. However, the results of efficacy studies are often not the same when an intervention is implemented in a community setting.
The present study aimed to provide information to policy makers and program managers on the processes and barriers involved in commercializing iron-fortified rice utilizing social marketing strategies. Social marketing, or using commercial marketing techniques to design and implement programs to promote socially beneficial behavior change, has increased within the public health sector in recent years. Social marketing intends to influence the choices of consumers by inducing behavior change. It is intended to facilitate the process among consumers of accepting and adopting or rejecting and abandoning specific behaviors [9] . The present study aimed to document the processes involved in commercializing iron-fortified rice and determine its effects on anemia prevalence.
Subjects and methods

Location
Bataan is a province in Central Luzon that is subdivided into one city and 11 municipalities, one of which is Orion, the site of the pilot study. Orion has 23 barangays (villages) with a total population of 51,847, and 10,581 households [10] . The local government, which is led by the mayor as the local chief executive, has the power to issue ordinances or localized municipal laws. Municipal laws are issued once a resolution from the municipal board, composed of the counselors and headed by the vice mayor, is ratified. The health and medical needs of the community are serviced by one rural health center led by two physicians as well as nurses, midwives, and sanitary inspectors. Support health services are provided by volunteer barangay health workers and barangay nutrition volunteers.
Subjects
A complete list of households with children 6 to 9 years of age (n = 2,749) was obtained from the communitybased monitoring system of the municipal development office in Orion. The barangays in the municipality were grouped into sentinel and nonsentinel sites. The sentinel sites were purposely chosen for a more focused evaluation of the effects of iron-fortified rice on the iron status of households with children 6 to 9 years of age. The total number of mothers with children 6 to 9 years of age from the sentinel sites was 1,016.
A sample size calculation based on a 50% prevalence of anemia and a 5% margin of error on the estimate resulted in a minimum of 400 mother-child pairs. The number of sampled subjects at baseline was 531 to allow for a 30% dropout rate. The actual number of mother-child pairs taken for this study was 766. The number of subjects in each barangay was allocated proportionally to the number of mother-child pairs in each barangay of the sentinel site. Written consent was obtained from all the randomly selected mother-child pairs. The sentinel sites were the six thickly populated barangays Bilolo, Capunitan, Daan Bilolo, Daan Pare, Santo Domingo, and Camachile. To determine the acceptability of iron-fortified rice, interim surveys at both the sentinel and the nonsentinel sites were conducted among those who bought iron-fortified rice. The sample households were also randomly allocated and proportionally allocated to the number of families in each barangay of the sentinel and nonsentinel sites.
The study was implemented from April 2008 to May 2009. To determine the acceptability of iron-fortified rice, an interim survey was conducted. At least 600 households (based on a 4.0% margin of error and a 50% proportion of buying households) were interviewed at interim surveys after the 5th and 9th months of implementation.
Networking and identification of partners
After a comprehensive discussion with the identified partners, each accepted its roles and responsibilities for the implementation of the project. This was substantiated by a Memorandum of Agreement between parties.
A food company (Superlative Snacks Foods, Manila), the adaptor of the extrusion technology of FNRI-DOST, was tapped for the production of iron-rice premix with MDFP as fortificant. Iron-rice premix was produced at a concentration of 600 mg of iron per 100 g of premix using MDFP (SunActive Fe) as fortificant.
A private miller (J.D. Aguilar Commercial, San Leonardo, Nueva Ecija) in central Luzon was responsible for the production and delivery of iron-fortified rice in Orion. A blending machine was installed at the mill site. Iron-fortified rice was produced by blending at a rate of 1,000 kg of ordinary commercial rice with 5 kg of iron-rice premix per batch.
FNRI-DOST, the research arm of the government in foods, nutrition and science and technology services was responsible for transferring the technology of ironfortified rice production, technical assistance in ironrice premix production, testing the quality of iron-rice premix and iron-fortified rice, project monitoring and evaluation, and social marketing activities. The NFA, the lead government agency in grains administration, was tapped for their support, especially as project monitor. The local government unit of Orion, led by the Local Chief Executive (LCE) mayor, was the prime mover of the project. The mayor, after accepting the proposed project, endorsed it to the local council, for the development guidelines as well as for the approval of an ordinance for the implementation of the project. A public presentation of the ordinance was conducted with rice dealers and retailers and the community. The rural health unit was designated by the mayor as the lead implementer of the project and, hence, the local counterpart of FNRI-DOST. It carried out social marketing activities and monitored and recorded the sales of iron-fortified rice every month. An existing federation of cooperatives was tapped to start the project by initially investing in the bulk procurement of iron-fortified rice from the miller. The federation acted as the distributor of iron-fortified rice.
Social marketing activities
Social marketing was conducted throughout the study. An intensive awareness campaign to encourage the community to consume iron-fortified rice using culturally acceptable information, education, and communication (IEC) materials about anemia and iron-fortified rice was conducted. Posters and billboards were posted in visible areas and in all health stations. Flyers were flown during the townwide launching of the ironfortified rice. The iron-fortified rice soundtrack was played whenever a vehicle delivered iron-fortified rice to the barangays. Continuous distribution of flyers and comics was done at the main and barangay health stations to all patients seeking consultations. Mothers' classes were conducted, and each mother was given a 1-kg sample of iron-fortified rice.
Market flow
The federation supplied iron-fortified rice to rice dealers in the public market on a day-to-day basis or until their supply was exhausted. The dealers were obliged to sell iron-fortified rice in bins alongside the ordinary commercial rice. The bins were labeled as iron-fortified rice with the price per kilogram. Some rice retailers bought iron-fortified rice in larger volumes from the dealers or directly from the federation for sale in their barangays ( fig. 1) . The commercial iron-fortified rice was packed at the mill site in colorful yellow sacks labeled "iron-fortified rice" with information messages like "builds healthy red blood cells; prevents infections; improves mental performance" (fig. 2) .
It was planned that the market price of the ironfortified rice would be the same as the price of ordinary rice of the same quality for the first 3 months and would be increased by a quarter peso (Php 0.25) (Php 1 = US$ 0.025) every quarter to account for the cost of the fortificant (Php 1.00/kg).
Monitoring the quality of iron-rice premix and ironfortified rice and sales
The iron contents of the iron-rice premix and ironfortified rice were monitored. At the mill site, samples of premix and fortified rice were collected from every batch. At the market level, iron-fortified rice samples were collected monthly at the public market, barangay variety stores and health centers in Orion, while at the household level, samples were taken from randomly selected households during monthly monitoring. A market survey was conducted every month at all distribution points of iron-fortified rice. The volume of sales and price fluctuations were recorded. Problems in selling the iron-fortified rice and in letting consumers sign, including their complete address in the monitoring checklist, were also discussed with dealers and retailers.
Outcome evaluation
The hemoglobin levels of mothers and children were measured at baseline and endline. Trained medical technologists performed blood collection and processing of hemoglobin at baseline and endline. Blood samples were collected by venipuncture using a sterile disposable syringe. Hemoglobin was measured by the cyanmethemoglobin method. Absorbance was read in a portable spectrophotometer (Odyssey 2400, Hach) at 540 nm and converted to equivalent hemoglobin concentrations using the regression curve generated from the hemoglobin reference preparation [11] . Anemia was defined as hemoglobin < 120 g/L [12] . Sales of iron-fortified rice were also monitored and recorded every month.
Clinical examinations were conducted by the two rural health physicians before the beginning and at the end of the trial to screen the mother-child pairs for symptoms of infection. Sociodemographic, economic, and environmental profiles of the subjects were obtained at the beginning of the study. A foodfrequency questionnaire was used to determine the commonly consumed foods at the end of the study.
Measurement of acceptability and liking
To measure the degree of acceptability and liking of commercial iron-fortified rice among consumers, a hedonic seven-point scale (1 = dislike very much, 2 = dislike moderately, (3 = dislike slightly, 4 = neither like nor dislike, 5 = like slightly, 6 = like moderately, 7 = like very much) was used to rate the taste, color, appearance, texture, and odor of the rice. This information was collected at the 5th and 9th months during the implementation period. Lists of household heads who bought iron-fortified rice and their addresses were obtained from the rice dealers each month, and a random sample of households was chosen from each village or barangay for the acceptability survey. The mothers from the sampled households were invited to the village health station for interviews. If a mother failed to go for an interview, she was interviewed at home by the researchers.
Ethical considerations
This study was endorsed by the Technical Committee of FNRI-DOST and was approved by the Institutional Ethics and Review Committee. Signed consent was obtained from all targeted mothers. The purpose and details of the study were explained by the midwives, barangay health workers, and barangay nutrition volunteers during the distribution of the consent forms. Table 1 shows the general socioeconomic and demographic profile of the families in the study. The mean household size was six, with a mean family income of Php 8,880 and a median income of Php 6,000. The mean daily food expenditure was Php 194 and the median was Php 200. At baseline, 58% of the families were poor and 34% were food-poor, based on the 2007 official poverty and food thresholds in Bataan [13] . Sixty-six percent of the mothers were housewives and 23.5% of the fathers were farmers.
Results
To start up the project, the federation procured 100,000 kg of iron-fortified rice packaged in 2,000 50-kg sacks. Public market rice dealers got their ironfortified rice from the federation and made it available for sale to the public before the launching of the social marketing program in April 2008. The price of ironfortified rice was Php 27.00 per kilogram, the same as the current price of unfortified rice of the same variety. In the same month of April 2008, 10 of the 11 licensed grain dealers sold iron-fortified rice in bins alongside ordinary rice. After 2 weeks, all 11 dealers were selling iron-fortified rice.
The stock of the federation was sold until May 2008. During this month, news about the shortage in the rice supply dominated the local media [14] [15] [16] [17] , and hence the price of commercial rice increased unexpectedly. The federation increased the price of iron-fortified rice to Php 31.00 per kilogram and after 1 week to Php 37.00 per kilogram. In June, the miller produced only 80 sacks (400 kg) of iron-fortified rice because of the scarcity and high price of rice pods. During the same month, the federation withdrew their support, declining to invest their money to buy iron-fortified rice. The mayor shouldered the responsibility to procure the 80 sacks and sold them through the rice dealers. Sales of commercial rice, including the iron-fortified rice, were very slow, because the price was already at Php 37.00 per kilogram. This was much higher than the price of rice subsidized by the government (NFA rice), which cost only Php 18.25 per kilogram. Flooding the market with NFA rice was the government's intervention in the rice crisis. All grain dealers, licensed government variety stores (tindahan natin), barangay halls, and churches were given a supply of unfortified NFA rice for sale to the public. People resorted to buying the low-cost NFA rice ( fig. 3) .
The intention of the study was to fortify commercial rice only. Since the miller could no longer provide iron-fortified rice for the project as early as May 2008, when news about the rice crisis dominated the local media, the project team and the mayor requested an allocation of rice from the NFA. The request was to allow the miller, through the local government unit, to buy 5,000 sacks (250,000 kg) per month to supply the amount of iron-fortified rice needed for the project. The request was approved in July 2008, but the approved blending site was at Orion, since there was an existing government policy that NFA rice must not be milled in a private mill. To comply with the government's policy, the project team and the mayor struggled to continue the project and explored other possibilities to produce iron-fortified rice. Since the local government unit had no funds for the bulk procurement of NFA rice, the local government unit exerted extra effort to obtain funds to sustain the project. Also, since there was no blending machine installed in Orion, the FNRI-DOST project team explored the use of a batch-type blending machine that was owned by the LCE for his private business. A series of test runs and product samplings for homogeneity was conducted. In July to September 2008, NFA iron-fortified rice using the same concentration of iron in the iron rice premix fortified with MDFP was sold in Orion at an average rate of 1,134 sacks (56,700 kg) per month ( fig. 1) . Of the 1,134 sacks sold, 348 (17,400 kg) were of lower quality NFA rice at a price of Php 18.25 per kilogram, and 786 (39,300 kg) were of higher quality NFA rice at a price of Php 27.50 per kilogram. (The quality of rice is determined by the amount of broken rice per sack of 50 kg rice. The more broken rice in the mixture (≥ 25%), the lower the quality.) In August, 100 sacks (5,000 kg) of commercial iron-fortified rice were produced by the private miller at a price of Php 37.00 per kilogram.
October is a harvest month, when many varieties of rice are sold in the market. Because the supply of rice both from the NFA and from small farmers had been normalized, the price of rice was stabilized. The miller had produced 320 sacks (16,000 kg). Both commercial iron-fortified rice and NFA iron-fortified rice (193 sacks or 9,650 kg) were sold in the market, but commercial rice costing Php 27.00 per kilogram was still being sold at a very slow rate. In November, the production of NFA iron-fortified rice was stopped because of termite infestation in the warehouse, which resulted to many pest-infested sacks of rice. Two hundred fortynine sacks (12,450 kg) of commercial iron-fortified rice were produced and sold at a price of Php 27.00 per kilogram. However, sales of this rice were low because of the availability of rice of lower quality, which was sold at Php 26.00 per kilogram. On this occasion, the miller in his personal capacity tapped the assistance of a private individual as distributor. Commercial ironfortified rice was distributed at the barangay health stations and interested variety stores on a credit basis. Public market rice dealers did not want to stock ironfortified rice because they had their own stores of unfortified rice, which lasted until February. However, from October to February 2009, sales declined ( fig. 1 ) because the rice miller did not receive some payments within the specified agreed payment period. Because of this incident, the miller did not produce iron-fortified rice from March to May 2009. The project team with the LCE continued the sale of NFA iron-fortified rice from March until the end of the study (May 2009). Sales were low in the months of March to May because these months are harvesting months, when the supply of rice is higher. The enforcement of the ordinance became weak because of the abnormal situation of the market. Social marketing activities were conducted continuously during the project to keep awareness at high levels.
The plan to market the iron-fortified rice in a normal market condition wherein there is a continuous supply of iron-fortified rice from the miller sold by the rice dealer was disrupted, resulting in nonimplementation of the planned increment in the price of iron-fortified rice to cover the cost of fortification.
Quality assurance
Almost 100% of the 154 premix samples collected from the three production runs were within the set specification limits of 600 to 760 mg of iron per 100 g of premix, based on the three sigma limits (US Standards) while the iron-fortified rice was within 3 to 3.8 mg of iron and 1 to 2 mg per 100 g of raw and cooked fortified rice, respectively. About 72% to 78% of the 9,561 commercial and NFA fortified samples were within the set specification limits of 0.004 to 0.006 blending ratio ( figs. 4 and 5) .
The total number of samples drawn each day was increased, because a significant number of samples were found to be not within the set specification limits of 0.004 to 0.006 blending ratio at the start of production as a result of the recent installation of a small new machine used by the local government unit for allocation of NFA rice in Orion during the rice crises. An intervention was performed to improve the process. The budget was not exceeded, since a simple, rapid physical method of quality assurance for iron-fortified rice was used. This method was comparable with the official method of iron content analysis in iron-fortified rice which is the atomic absorption spectrometric method [18] .
Evaluation of effectiveness
A complete data set from baseline to endline was available from only 74.8% of the households in the sentinel and nonsentinel sites. Data were missing from 25.2% of households (258 mothers). The most common reasons for missing data were that the household of the subject could not be located (9.9%), the subject moved to another address (5.1%), the subject refused to participate (4.0%), and the subject was at work or not at home at the time of the interview (3.8%).
Of the mothers at sentinel sites, 90.2% bought and consumed iron-fortified rice at least six times per Commercialization of iron-fortified rice month. The mean additional cost the mothers were willing to pay for iron-fortified rice was Php 1.93 per kilogram, and the median was Php 1.50 per kilogram. Fifty percent of the mothers were willing to pay an additional cost of Php 1.00 to 2.00 per kilogram. At baseline, 531 mother-child pairs (with children 6 to 9 years of age) were assessed for hemoglobin at sentinel sites; at endline, only 423 children and 392 mothers were assessed. The mean hemoglobin of children in sentinel sites significantly increased from 126.0 g/L at baseline to 127.9 g/L at endline (table 2). The prevalence of anemia significantly decreased from 17.5% at baseline to 12.8% at endline. The mean hemoglobin level of mothers slightly increased from 129.1 g/L at baseline to 130.0 g/L at endline. The prevalence of anemia among mothers was 13.0% at baseline and decreased by 0.5% at endline.
The acceptability of iron-fortified rice at the 5-and 9-month surveys is shown in table 3. From the 5th to the 9th month, there is an increase in the percentages of respondents who "like moderately" the taste, color, appearance, texture, and odor of iron-fortified rice and, in general, a decrease in the percentages who "dislike slightly, " "dislike moderately, " or "dislike very much" the taste, color, appearance, texture, and odor of the rice.
The foods most commonly consumed by the targeted families were rice, cooking oil, fish, eggs, bananas, and green leafy and yellow vegetables such as sweet-potato tops, swamp cabbage, and squash.
Discussion
The initial effort to identify partners and build networks with clearly defined roles and responsibilities was very beneficial to kick-start the implementation of the project. Before and during the launching, there was a high participation of stakeholders. Input by the stakeholders included the federation's initial investment in procuring a large volume of rice to make it more accessible to rice dealers, the issuance of a municipal ordinance on the townwide sale of iron-fortified rice as one of the indicators of strong political support of the mayors, the social preparation done by the health sector and other government agencies, and the participation of the company producing the iron-rice premix and the miller producing iron-fortified rice. With all these inputs, the project was implemented as planned.
At the beginning, the 11 public market rice dealers had complied with the municipal ordinance. Ironfortified rice was sold at an initial standard price of Php 27.00, which was the same as the price of ordinary rice of the same variety. A high rate of participation by the rice dealers was observed in the first 2 months (April and May). High sales of iron-fortified rice could be attributed to the intensive awareness campaigns conducted to create demand. However, developing consumer demand to increase iron-fortified rice consumption entails not simply targeting populations and creating awareness through mass media campaigns on the product but also positioning (placement) the ironfortified rice in areas accessible to the community: the public market, barangay variety stores, and main and barangay health stations. Sustaining the level of commitment of each stakeholder was very difficult because the market environment was highly competitive and not profit-friendly. In the months from June to September 2008, when the rice crisis occurred, the rice dealers stopped selling iron-fortified rice, and the federation withdrew their support and hence did not purchase iron-fortified rice, the miller produced only 80 sacks of iron-fortified rice because of the scarcity of rice.
When the government flooded the market with cheap NFA unfortified rice, most of the population resorted to buying it rather than iron-fortified rice at a price of Php 37.00 to 47.00 per kilogram; this was a clear indication that high cost was an impediment to the sale of iron-fortified rice. This is a very important factor to consider when rice fortification is proposed as a national strategy to control anemia prevalence. It should be noted that 58% of the population included in the study were considered poor and about 34% were food-poor, as calculated from the official poverty threshold in Bataan [13] . If the price of rice is too high, it limits the capacity of the people to buy other foods rich in protein, vitamins, and minerals. Prolonged inadequate nutrient intake may lead to micronutrient deficiency disorders. A study in Bangladesh over an 8-year period (1992 to 2000) marked by significant fluctuations in rice prices showed that when rice was cheaper, more money was spent on additional food items; conversely, when rice was more expensive, less was spent on nonrice products [19, 20] .
Strong political support was very crucial to move implementation of the project forward. This was manifested when NFA was requested to allocate rice to the project. NFA's consent for the local government unit to purchase NFA rice, which was a departure from their normal process of rice allocation, was a clear indication of a strong network formed before the start of the study. However, because of the government's policy, the request to blend the NFA rice in the contracted private mill was denied. Resorting to another type of blending machine without sacrificing the quality of iron-fortified rice was another challenge encountered during project implementation. The presence of expert technical manpower or a caretaker in every aspect of the project was very important. An effective and sustainable program requires broad partnerships at different levels [21] and profound commitments of all stakeholders, including the community. It is important to recognize that each stakeholder brings unique and complementary skills. The price of commercial iron-fortified rice should have been controlled at a lower price if the government rice that flooded the market was also fortified with iron. Government rice should always be ready to fill the gap between supply and demand.
The miller started producing iron-fortified rice again in the months of October and November 2008 when the supply of rice was normalized. During this period, NFA rice was still available in the market. The rice dealers hesitated to sell the commercial iron-fortified rice because they were afraid that they would not be able to sell it due to the very competitive price of the NFA rice and they wanted to sell all of their own harvest first before it became infested or rotten. During this time, the dealers viewed profit as a necessity in business rather than selling iron-fortified rice as a responsibility. Profit is one of the goals of a business because it keeps the business afloat, but it is highly recommended to keep the needs of others in mind. If a business forgets about the people who make it run, support for the business can suffer. Because of the abnormal market conditions, the municipal ordinance that requires all dealers and retailers to sell iron-fortified rice, with penalties for noncompliance, was weakly enforced. Despite the many stumbling blocks to project implementation, there was a continuous supply of ironfortified rice in the sentinel sites. A significant increase in mean hemoglobin levels from 126.0 g/L at baseline to 127.9 g/L at endline among children was observed. The prevalence of anemia in children decreased from 17.5% to 12.8%. Although such increments in hemoglobin levels cannot be solely attributed to the positive behavior of consuming iron-fortified rice, it is suggested that social marketing could have contributed to increased awareness of the consumption of iron-rich foods such as green leafy vegetables. Similar results have been obtained in China [22] . The nonsignificant decrease in the prevalence of anemia among mothers may be attributed to inadequate food intake due to improper intrafamily food distribution. In the Philippines, especially in households where food is scarce, young children are fed before the parents. A similar slight improvement in mean hemoglobin level among mothers was also noted in an earlier study among Filipino women [23] .
Conclusions and recommendations
The underlying factors of a sustainable commercialization of iron-fortified rice were strong political support, close-knit cooperation and commitment of partners, intensive and continuous social marketing activities with simple and culturally acceptable messages of IEC materials, and maintaining the quality of the product.
The key determining factors, however, in enticing people to consume iron-fortified rice are keeping the cost at a level affordable to the people and keeping the rice accessible by maintaining the supply chain. The consumption of iron-fortified rice may have contributed to the significant reduction in the prevalence of anemia among children, and hence, commercialization of iron-fortified rice could be considered as one of the strategies for reducing anemia prevalence.
